Direct measurement of prosthetic loading for evidence-based practice by Frossard, Laurent A.
This is the author’s version of a work that was submitted/accepted for pub-
lication in the following source:
Frossard, Laurent A.
(2015)
Direct measurement of prosthetic loading for evidence-based practice.
Announcement of Instructional Course - ISPO 2015, Lyon, France.
(Unpublished)
This file was downloaded from: http://eprints.qut.edu.au/84147/
c© Copyright 2015 The Author
Notice: Changes introduced as a result of publishing processes such as
copy-editing and formatting may not be reflected in this document. For a
definitive version of this work, please refer to the published source:
  
Direct measurement of prosthetic loading for evidence-based practice 
ISPO 2015, Lyon, France - Day 4 - Session 110   Page 1 of 5 
ISPO 2015, Lyon, France 
Announcement of Instructional Course on 
Direct measurement of prosthetic loading for evidence-based practice 
 
Chairman: Adj/Prof Laurent Frossard (PhD) 
 
Queensland University of Technology, Brisbane, QLD, Australia 
University of the Sunshine Coast, Maroochydore, QLD, Australia 
 
 
1. Information 
Date of the presentations: Thursday June 25, 2015 - Day 4 - Session 110 
Time of the presentations: 09:00 - 10:15 
Duration: 75 min 
Location: Prestige Gratte Ciel 
More information about the program: http://www.ispo2015.org/ispo-programme-day4.php    
 
 
2. Description 
The demand for an evidence-based clinical practice involving lower limb amputees is increasing. 
Some of the critical care decisions are related to the loading applied on the residuum partially 
responsible for comfort and functional outcome.  
 
This loading can be assessed using inverse dynamics equations. Typically, this method requires 
a gait laboratory (e.g., 3D motion analysis system, force-plates). It is mainly suited for the 
analysis only few steps of walking while being expensive and labour intensive. 
 
However, recent scientific and industrial developments demonstrated that discrete and light 
portable sensors can be placed within the prosthesis to measure accurately the loading during an 
unlimited number of steps and activities of daily living. Several studies indicated that method 
based on direct measurements might provide more realistic results. Furthermore, it is a user-
friendly method more accessible to clinicians, such as prosthetists.   
The purpose of this symposium will be to give an overview of these additional opportunities for 
clinicians to obtain relevant data for evidence-based practice. The three main aims will be: 
• To present some of the equipment used for direct measurements,  
• To propose ways to analyse some key data sets,  
• To give some practical example of data sets for transtibial and transfemoral amputees.     
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3. Presentations 
Teacher Topic 
Vertriest, S 
[1-6]
  
Can the direct measurement of the load applied on the residuum of 
individuals with transfemoral amputation fitted with bone-anchored 
prosthesis help to improve the rehabilitation program? 
Orendurff, M 
[7-16]
 
Every step quantified: More than 150,000 strides recorded by direct 
measurement of prosthetic limb loads of children in real world settings 
Les, S-P 
[17-22]
 
Optimizing Functions for Individuals with Lower Extremity Amputation:  
a Physical Therapist’s Perspective on Prosthetic Care and Education 
Frossard, L
[5, 23-40]
 
Direct measurement of inner prosthesis loading during activities of daily 
living: proposal for classification of functional outcome 
 
4. Relevant references 
1. Beaulieu, P., S. Vertriest, and L. Frossard. Description of body posture during static load 
bearing exercises for individuals with transfemoral amputation fitted with bone-anchored 
prosthesis. in 2013 O&P World Congress. 2013. Orlando, USA. 
2. Vertriest, S., P. Coorevits, and L. Frossard. Load bearing exercises and functional 
outcome of individuals with transfemoral amputation fitted with OPRA fixation. in 4th 
international conference in Advances in Orthopaedic osseintegration - Orthopaedic 
Surgical Osseointegration Society. 2012. San Francisco, USA. 
3. Vertriest, S., P. Coorevits, and L. Frossard. Static load bearing exercises during 
rehabilitation of individuals with transfemoral amputation fitted with osseointegrated 
implant: Kinetic analysis. in 14th World Congress of the International Society of 
Prosthetics and Orthotics (ISPO). 2013. Hyderabad, India. 
4. Vertriest, S., P. Coorevits, and L. Frossard. Static load bearing exercises during 
rehabilitation of individuals with transfemoral amputation fitted with osseointegrated 
implant: Load compliance. in 2013 O&P World Congress. 2013. Orlando, USA. 
5. Vertriest, S., P. Coorevits, K. Hagberg, R. Branemark, E. Haggstrom, G. Vanderstraeten, 
and L. Frossard, Static Load Bearing Exercises of Individuals With Transfemoral 
Amputation Fitted With an Osseointegrated Implant: Reliability of Kinetic Data. IEEE 
Trans Neural Syst Rehabil Eng, 2014. In press. 
6. Vertriest, S. and L. Frossard, Repeatability of static load bearing exercises during 
rehabilitation of individuals with transfemoral amputation fitted with osseointegrated 
implant, in IX Australasian Biomechanics Conference (ABC9).2014: Wollongong, 
Australia. 
7. Boone, D.A., T. Kobayashi, T.G. Chou, A.K. Arabian, K.L. Coleman, M.S. Orendurff, 
and M. Zhang, Perception of socket alignment perturbations in amputees with transtibial 
prostheses. J Rehabil Res Dev, 2012. 49(6): p. 843-53. 
8. Boone, D.A., T. Kobayashi, T.G. Chou, A.K. Arabian, K.L. Coleman, M.S. Orendurff, 
and M. Zhang, Influence of malalignment on socket reaction moments during gait in 
amputees with transtibial prostheses. Gait Posture, 2013. 37(4): p. 620-6. 
  
Direct measurement of prosthetic loading for evidence-based practice 
ISPO 2015, Lyon, France - Day 4 - Session 110   Page 3 of 5 
9. Jonathan A. Gacioch, Kevin B. Fite, Adam K. Arabian, Toshiki Kobayashi, D.A. Boone, 
and M.S. Orendurff. An Architecture for Direct Measurement of Transfemoral Prosthesis 
Gait Beyond the Gait Laboratory Setting in ASME 2014 Dynamic Systems and Control 
Conference. 2014. 
10. Kobayashi, T., A.K. Arabian, M.S. Orendurff, T.G. Rosenbaum-Chou, and D.A. Boone, 
Effect of alignment changes on socket reaction moments while walking in transtibial 
prostheses with energy storage and return feet. Clinical Biomechanics, 2013. In press. 
11. Kobayashi, T., M.S. Orendurff, A.K. Arabian, T.G. Rosenbaum-Chou, and D.A. Boone, 
Effect of prosthetic alignment changes on socket reaction moment impulse during 
walking in transtibial amputees. J Biomech, 2014. 47(6): p. 1315-23. 
12. Kobayashi, T., M.S. Orendurff, and D.A. Boone, Effect of alignment changes on socket 
reaction moments during gait in transfemoral and knee-disarticulation prostheses: Case 
series. Journal of Biomechanics, 2013(0). 
13. Kobayashi, T., M.S. Orendurff, and D.A. Boone, Dynamic alignment of transtibial 
prostheses through visualization of socket reaction moments. Prosthetics and Orthotics 
International, 2014. 
14. Kobayashi, T., M.S. Orendurff, M. Zhang, and D.A. Boone, Effect of transtibial 
prosthesis alignment changes on out-of-plane socket reaction moments during walking in 
amputees. J Biomech, 2012. 45(15): p. 2603-9. 
15. Kobayashi, T., M.S. Orendurff, M. Zhang, and D.A. Boone, Effect of alignment changes 
on sagittal and coronal socket reaction moment interactions in transtibial prostheses. J 
Biomech, 2013. 46(7): p. 1343-50. 
16. Kobayashi, T., M.S. Orendurff, M. Zhang, and D.A. Boone, Individual responses to 
alignment perturbations in socket reaction moments while walking in transtibial 
prostheses. Clin Biomech (Bristol, Avon), 2014. 29: p. 590-594. 
17. Neumann, E.S., J. Brink, K. Yalamanchili, and J.S. Lee, Load cells enhance study of 
prosthetic foot rollover. Lower extremity review, 2012. August. 
18. Neumann, E.S., J. Brink, K. Yalamanchili, and J.S. Lee, Use of a Load Cell and Force-
Moment Analysis to Examine Transtibial Prosthesis Foot Rollover Kinetics for Anterior-
Posterior Alignment Perturbations. JPO Journal of Prosthetics and Orthotics, 2012. 
24(4): p. 160-174. 
19. Neumann, E.S., J. Brink, K. Yalamanchili, and J.S. Lee, Regression Estimates of 
Pressure on Transtibial Residual Limbs Using Load Cell Measurements of the Forces and 
Moments Occurring at the Base of the Socket. JPO Journal of Prosthetics and Orthotics, 
2013. 25(1): p. 1-12. 
20. Neumann, E.S., J. Brink, K. Yalamanchili, and J.S. Lee, Use of a load cell and force-
moment curves to compare transverse plane moment loads on transtibial residual limbs: a 
preliminary investigation. Prosthet Orthot Int, 2013. In press. 
21. Neumann, E.S., J. Brink, K. Yalamanchili, and J.S. Lee, Use of a load cell and force-
moment curves to compare transverse plane moment loads on transtibial residual limbs: a 
preliminary investigation. Prosthet Orthot Int, 2013. 38(3): p. 253-262. 
  
Direct measurement of prosthetic loading for evidence-based practice 
ISPO 2015, Lyon, France - Day 4 - Session 110   Page 4 of 5 
22. Neumann, E.S., K. Yalamanchili, J. Brink, and J.S. Lee, Transducer-based comparisons 
of the prosthetic feet used by transtibial amputees for different walking activities: a pilot 
study. Prosthet Orthot Int, 2012. 36(2): p. 203-16. 
23. Dumas, R., L. Cheze, and L. Frossard, Load during prosthetic gait: Is direct measurement 
better than inverse dynamics? Gait & Posture, 2009. 30(Supplement 2): p. S86-S87. 
24. Dumas, R., L. Cheze, and L. Frossard, Loading applied on prosthetic knee of 
transfemoral amputee: comparison of inverse dynamics and direct measurements. Gait 
Posture, 2009. 30(4): p. 560-2. 
25. Frossard, L., J. Beck, M. Dillon, M. Chappell, and J.H. Evans, Development and 
preliminary testing of a device for the direct measurement of forces and moments in the 
prosthetic limb of transfemoral amputees during activities of daily living. Journal of 
Prosthetics and Orthotics, 2003. 15(4): p. 135-142. 
26. Frossard, L., L. Cheze, and R. Dumas, Dynamic input to determine hip joint moments, 
power and work on the prosthetic limb of transfemoral amputees: ground reaction vs 
knee reaction. Prosthet Orthot Int, 2011. 35(2): p. 140-9. 
27. Frossard, L., D.L. Gow, K. Hagberg, N. Cairns, B. Contoyannis, S. Gray, R. Branemark, 
and M. Pearcy, Apparatus for monitoring load bearing rehabilitation exercises of a 
transfemoral amputee fitted with an osseointegrated fixation: a proof-of-concept study. 
Gait Posture, 2010. 31(2): p. 223-8. 
28. Frossard, L., K. Hagberg, E. Haggstrom, and R. Branemark, Load-relief of walking aids 
on osseointegrated fixation: instrument for evidence-based practice. IEEE Trans Neural 
Syst Rehabil Eng, 2009. 17(1): p. 9-14. 
29. Frossard, L., K. Hagberg, E. Häggström, D.L. Gow, R. Brånemark, and M. Pearcy, 
Functional Outcome of Transfemoral Amputees Fitted With an Osseointegrated Fixation: 
Temporal Gait Characteristics. JPO Journal of Prosthetics and Orthotics, 2010. 22(1): p. 
11-20. 
30. Frossard, L., E. Haggstrom, K. Hagberg, and P. Branemark, Load applied on a bone-
anchored transfemoral prosthesis: characterisation of prosthetic components – A case 
study Journal of Rehabilitation Research & Development, 2013. 50(5): p. 619–634. 
31. Frossard, L., N. Stevenson, J. Smeathers, E. Haggstrom, K. Hagberg, J. Sullivan, D. 
Ewins, D.L. Gow, S. Gray, and R. Branemark, Monitoring of the load regime applied on 
the osseointegrated fixation of a trans-femoral amputee: a tool for evidence-based 
practice. Prosthet Orthot Int, 2008. 32(1): p. 68-78. 
32. Frossard, L., N. Stevenson, J. Smeathers, D. Lee Gow, S. Gray, J. Sullivan, C. Daniel, E. 
Häggström, K. Hagberg, and R. Brånemark, Daily activities of a transfemoral amputee 
fitted with osseointegrated fixation: continuous recording of the loading for an evidence-
based practice. Kinesitherapie Revue, 2006. 6(56-57): p. 53-62. 
33. Frossard, L., N. Stevenson, J. Sullivan, M. Uden, and M. Pearcy, Categorization of 
Activities of Daily Living of Lower Limb Amputees During Short-Term Use of a 
Portable Kinetic Recording System: A Preliminary Study. JPO Journal of Prosthetics and 
Orthotics, 2011. 23(1): p. 2-11. 
  
Direct measurement of prosthetic loading for evidence-based practice 
ISPO 2015, Lyon, France - Day 4 - Session 110   Page 5 of 5 
34. Frossard, L., R. Tranberg, E. Haggstrom, M. Pearcy, and R. Branemark, Fall of a 
transfemoral amputee fitted with osseointegrated fixation: loading impact on residuum. 
Gait & Posture, 2009. 30(Supplement 2): p. S151-S152. 
35. Frossard, L.A., Load on osseointegrated fixation of a transfemoral amputee during a fall: 
Determination of the time and duration of descent. Prosthet Orthot Int, 2010. 34(4): p. 
472-87. 
36. Frossard, L.A., R. Tranberg, E. Haggstrom, M. Pearcy, and R. Branemark, Load on 
osseointegrated fixation of a transfemoral amputee during a fall: loading, descent, impact 
and recovery analysis. Prosthet Orthot Int, 2010. 34(1): p. 85-97. 
37. Helgason, B., H. Palsson, T.P. Runarsson, L. Frossard, and M. Viceconti, Risk of failure 
during gait for direct skeletal attachment of a femoral prosthesis: a finite element study. 
Med Eng Phys, 2009. 31(5): p. 595-600. 
38. Lee, W., L. Frossard, K. Hagberg, E. Haggstrom, and R. Brånemark, Kinetics analysis of 
transfemoral amputees fitted with osseointegrated fixation performing common activities 
of daily living. Clinical Biomechanics, 2007. 22(6): p. 665-673. 
39. Lee, W.C., J.M. Doocey, R. Branemark, C.J. Adam, J.H. Evans, M.J. Pearcy, and L.A. 
Frossard, FE stress analysis of the interface between the bone and an osseointegrated 
implant for amputees--implications to refine the rehabilitation program. Clin Biomech 
(Bristol, Avon), 2008. 23(10): p. 1243-50. 
40. Lee, W.C., L.A. Frossard, K. Hagberg, E. Haggstrom, D.L. Gow, S. Gray, and R. 
Branemark, Magnitude and variability of loading on the osseointegrated implant of 
transfemoral amputees during walking. Med Eng Phys, 2008. 30(7): p. 825-833. 
 
 
